Phyllanthus niruri is widely used as traditional medicine especially in Indonesia. The need to produce a standardized herbal medicine raw material has urged a research to study the effect of shading, nitrogen (N) and magnesium (Mg) fertilizer dosage on phyllanthin and total flavonoid yield of P. niruri. Pot experiment was conducted by using Inceptisols soil from Yogyakarta, Indonesia. The study was carried out in a split plot design with three replications. The main plot was shaded with 3 levels (0, 60 and 95%). The subplots was urea and magnesium suphate (MgSO 4 ) fertilizer (proportion 5 : 1) with 5 levels (0, 1+0.2, 2+0.4, 3+0.6 and 4+0.8). The period of harvesting were 1, 2 and 3 months after planting. The results indicated that application of 3 g urea, 0.6 g MgSO 4 and 60% paranets shading could improve the plant growth, N-Mg uptake, total flavonoid and phyllanthin yield of P.niruri. Based on the regression curve, the optimum dosage that produced the highest total flavonoid yield was 2.68 g of urea and 0.54 g of MgSO 4 , while for obtaining the highest phyllanthin yield was 2.39 g of urea and 0.48 g of MgSO 4 per plant. N and Mg absorption were positively correlated with total flavonoid and phyllanthin yield. The best period of harvest to obtain the highest total flavonoid and phyllanthin yield was 3 months after planting (plant age ± 4 months).
INTRODUCTION
Phyllanthus niruri (Euphorbiaceae) is a small plant widely distributed in tropical and subtropical regions in Central and South America (Brazil) and Asia (including India, Malaysia and Indonesia). The other species commonly found in the countries are: P. niruri L., P. tenellus Roxb., Phyllanthus urinaria L., P. caroliniensis Walt., P. amarus Schum. and Thonn., and P. stipulatus (Raf.) Webster (Martin et al., 2011) . Many components of P. niruri have been identified, including groups of active substances such as alkaloids, tannin, lignans, phenols, steroids, flavonoids, triterpenes (Barros et al., 2003) . The major lignans of this plant, namely, phyllanthin and hypophyllanthin, have shown to be anti hepatotoxic against carbon tetrachloride and galactosamine *Corresponding author. E-mail: ekohanudin@ugm.ac.id. Tel/Fax: +62274548814.
-induced hepatotoxicity in primary cultured rat hepatocytes (Syamsundar et al., 1985) . Phyllanthin and hypophyllanthin can be extracted from P. niruri with solvent methanol, ethyl acetate and chloroform (Tripathi et al., 2006) . The plants of genus Phyllanthus have long been used in folk medicine to treat kidney and urinary bladder stones, intestinal infections, diabetes and hepatitis B (Nayak et al., 2010) . The whole plant is used as diuretic, febrifuge and in stomach trouble (Kotoky and Kanjilal, 2005) . In recent years, the interest of these plants has increased considerably, due to its hepatoprotective action.
Plants need light intensity in different amount. Light intensity can affect micro environment of a plant, such as temperature and air humidity; that have influence to metabolism in plant which would involve the help of various enzymes. The enzymes would work actively in sufficient light intensity (Tang, 1997) . Biosynthesis of flavonoids in plants is influenced by several factors, namely nutrients, temperature, and light. Some metabolic process of flavonoids are controlled by plant growth regulators and light (Robinson, 1991) . Flavonoids and anthocyanins biosynthesis are occurred likely in bright conditions (Morris et al., 1985) . According to Padua et al. (1999) , formations of flavonoid compounds in plants are usually related to the plant defensive mechanism to protect them self from high light intensity.
Nitrogen (N) as an essential macronutrient has an important role as a constituent of chlorophyll and protein synthesis. Amino acids as building blocks of protein are precursors of secondary metabolites formation (flavonoids and phyllanthin). Apart from being a constituent of chlorophyll, magnesium (Mg) also plays a role in N metabolism. Mg has some role in activating the enzyme associated with metabolic process, respiratory enzymes, and work as a catalyst. In addition, Mg serves as a cofactor in enzymes, especially to activate the phosphorylase (Mengel and Kirkby, 1987) .
P. niruri can grow on various types of soil, especially sandy soil, and usually grows wild in damp areas. Inceptisols is one of soil orders which is most widely spread in Indonesia, about 70.25 million ha or 37.5% of Indonesia's land area. This soil has a diverse natural productivity because they do not have special physical and chemical characteristics. Therefore, inceptisol utilization for the future must be increased to the maximum.
The objectives of this research were to study the effect of shading, N and Mg fertilizer on phyllanthin and total flavonoid yield, to obtain the optimum dosage of N and Mg fertilizer, the best environment and period of harvest for the highest phyllanthin and total flavonoid content of P. niruri.
MATERIALS AND METHODS
A pot experiment was arranged in a split plot design in triplicates. Each polybag contained 10 kg of inceptisols soil. Main plots were shading with 3 levels: full light or without shading (S0); 60% shading with paranets (S1); and 95% shading with tree stands (S2). N and Mg fertilizer dosage (5:1) as the sub plots have 5 levels: 0 g urea and 0 g of magnesium sulphate (MgSO4) (F0); 1 g of urea and 0.2 g of MgSO4 (F1); 2 g of urea and 0.4 g of MgSO4 (F2); 3 g of urea and 0.6 g of MgSO4 (F3); 4 g of urea and 0.8 g of MgSO4 (F4). Basal fertilizers were also applied such as 300 g manure, 2 g SP-36 and 2 g KCl. The species P. niruri used in the experiment was collected in its natural habitat in Sleman, Yogyakarta and identified by comparison with reference specimens (herbarium no: 23) in the Laboratory of Pharmacognocy, Faculty of Pharmacy, Universitas Gadjah Mada, Yogyakarta, Indonesia. The plants were 1 month old after sowing, and the crops were harvested three times: 1, 2 and 3 months after planting.
The soil chemical characteristics were pH-H2O 7.00; very low in organic carbon 0.49% and total N 0.09%; very high in available P 45.33 ppm and available Na 1.05 cmol (+)/kg; high in available K + , Ca 2+ , Mg 2+ (0.97, 15.83, 4 .03 cmol (+)/kg, respectively). The yield of phyllanthin and total flavonoid were calculated by multiplying shoots dry weight and the respective phyllanthin and total flavonoid contents.
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Estimation of total flavonoids contents
The alumunium chloride colorimetric method was adapted from the procedure reported by Chang et al. (2002) . Quercetin was used to make the calibration curve. Standard solution was made by dissolving 10 mg of quercetin dihydrate (minimum 98% high performance liquid chromatography (HPLC), Sigma, Germany) in 80% ethanol to get a solution with concentration 1 mg/ml. Then, the solution was diluted to 10, 25, 50, 80, 100 and 125 µg/ml. The diluted standard solutions (0.5 ml) were separately mixed with 1.5 ml of 95% ethanol, 0.1 ml of 10% alumunium chloride, 0.1 ml of 1 M potassium acetate and 2.8 ml of distilled water. The mixed solutions were incubated at room temperature for 30 min. The blank was made without the addition of quercetin.
Test solution was made in a test tube by mixing 0.5 ml of plant extracts with 1.5 ml of 95% ethanol, 0.1 ml of alumunium chloride, 0.1 ml of 1 M potassium acetate, and 2.8 ml distilled water. The mixed solutions were incubated at room temperature for 30 min. The blank was made without the addition of alumunium chloride. The absorbances of standard and test solutions were measured by using ultraviolet/visible (UV/Vis) spectrometer (Lambda EZ 150, Perkin Elmer, USA) at wavelength of 415 nm. Total flavonoids contents were calculated as quercetin and done in triplicate.
Estimation of phyllantin content
Phyllanthin content was determined by densitometry thin-layer chromatography (TLC) method (Khan et al., 2010) . Samples were diluted with methanol (pro analyses grade, Merck, Darmstadt, Germany) by 10 mg/ml of dilution volume, then mixed with vortex. Samples spotted with a volume 30 to 40 µl on silica gel precoted alumunium plate F 254 (Merck, Darmstadt, Germany) using microsyringe. Standard phyllanthin (99.9% purity, ChromaDex TM , USA) was spotted with volumes 1, 2, 4 and 6 µl. Linear ascending development was carried out in a chamber, saturated with mobile phase. The mobile phase was consisted of toluene : ethyl acetate (2:1, v/v). The optimized chamber saturation time for mobile phase was 15 to 30 min at room temperature. The length of chromatogram run was 8 cm. Spot detection was done qualitatively by using UV light at 254 nm. Spots on the TLC plates were measured by using TLC Scanner (TLC Scanner 3, CAMAG, Switzerland) at wavelength of 282 nm.
RESULTS AND DISCUSSION
The growth and N-Mg absorption by plant
Shading and fertilizer dosage of N and Mg effected significantly on shoot fresh and dry weight of P. niruri. 60% shading with paranets resulted the highest shoot fresh and dry weight than the other treatments and the lowest one was treatment with 95% tree stands shading. Figure 1 shows that the best growth of the plant was obtained as added 3 g urea, 0.6 g MgSO 4 and 60% paranets shading.
Applying 60% shading may give a good condition for P. niruri to hold the process of photosynthesis. In the condition, light intensity was adequate to support the plant growth. Application of urea and MgSO 4 as sources of N and Mg significantly contributed to the plant growth as such. It has been known well that the both macronutrient has an important role in supporting metabolic process in the plant leaves. Besides, N and Mg are also the structural components of chlorophyll. Figure 2 shows that data of plant fresh and dry weight was in line with the amount of N and Mg taken by the plant. Application of 3 g urea, 0.6 g MgSO 4 and 60% paranets shading resulted the highest value in absorption of N and Mg by the plant. Plants would grow well if nutrient uptake in the shoot was high. In the leaf, some metabolism process occurred which would produce energy for plant growth and development. Deficiency in N could induce stunted cell division and consequently inhibited plant growth. If plants absorb large amount of N, it would accelerate the formation of amino acids which are the precursor of several secondary metabolites. Mg has a role in N metabolism and as an activator of many enzymes. The increasing of Mg uptake in plants would increase protein content in roots or shoot of plants (Mengel and Kirkby, 1987) . N absorption would reach a maximum when the plants were young and gradually decreased with increasing the plants age (Thompson and Troeh, 1978) .
Total flavonoid and phyllanthin yield
UV spectra of phyllanthin compounds in standard and samples are shown in Figure 3 . Total flavonoid and phyllanthin yield increased from the first until the third period of harvest, and the highest peak was at the third harvest (Figure 4) . In each harvest, treatment with 60% paranets shading resulted in the highest value of total flavonoid and phyllanthin yield. Sixty percent (60%) paranets shading gave the best environment for P. niruri growth, produced the highest plant biomass. This result was in accordance with a research reported by Nirwan (2007) . It showed that 3 months of 50% shading and 1 month of full light resulted the highest total flavonoid content yield in Gynura pseudochina, 1.61 g/plant and quercetin yield 0.02 g/plant.
In shading conditions, plants would do the compensation, include decreased respiration rate, increased in leaf area in order to obtain a larger surface to absorb light, and increased the rate of photosynthesis in each unit of light energy (Gardner et al., 1985) . The role of light in tissue differentiation is especially important on the synthesis and accumulation of secondary metabolites. The synthesis of polyphenols in tissue culture was stimulated by light, the formation of special oil channels in which essential oils secreted inside these channels, also stimulated by light (Siebert and Kadkade, 1980) . The biosynthesis of secondary metabolites varies among plants, even in different organs of plants and their biosynthesis depends on the environmental factors in which they grow. Differences in biosynthesis can result from both genetic and phenotypic variations. Phenotypic variation is especially pronounced in the physiological responses of a plant under growth conditions (Khan et al., 2010) . The variation in biosynthesis of secondary metabolites in different parts of plant may be due to expression or activity of genes or enzymes (Jiang et al., 2006) . In dynamic environments, plants can respond to the changing conditions through altered production of secondary metabolites (Khan et al., 2011) . Different rate of photosynthesis at various shading may affect the varied contents of phyllanthin and total flavonoid. Another factor that could have contributed of phyllanthin yield could be the ideal conditions for the optimized growth of the plants and period of harvest suitable to produce high phyllanthin content compared to plants grown in wild conditions as reported by Sane et al. (1997) and Murali et al. (2001) cited in Annamalai and Lakshmi (2009) . fertilizer dosage that obtained the highest total flavonoid yield: 2.68 g of urea and 0.54 g of MgSO 4 per plant. In the synthesis of secondary metabolites, the role of Mg as a catalyst for biosynthesis pathway from malonate acetate to Acetyl CoA. Combination of the both biosynthetic pathway of malonic acetate and shikimic acid resulted in flavonoid compounds (Torsell, 1997) . Application of N and Mg fertilizer resulted a similar trend in phyllanthin yield (Figure 6 ). Correlation between N and Mg fertilizer dosage with phyllanthin yield could be known by calculating the determination coefficient. Period of harvest significantly influenced the phyllanthin yield of the plant. The highest was harvest at 3 months after planting. From equation at 3rd harvest Y = -0.022x 2 + 0.105x + 0.009, could be calculated the optimum fertilizer dosage that resulted the highest phyllanthin yield: 2.39 g Phyllanthin is one of the major lignans in P. niruri. Lignan was a derivative of fenilpropanoid, which synthesized from amino acids phenylalanine and tyrosine (Robbers et al., 1996) . N as essential macronutrient has an important role in synthesis of amino acids and protein in plants (Epstein and Bloom, 2005) . In the synthesis of secondary metabolites, the role of N act as a building material, especially for synthesis of amino acids (phenylalanine and tyrosine) through biosynthetic pathway of shikimic acid in form of phenyl propane (C 6 -C 3 ) (Winkel, 2006) . Rendig and Broadbent (1979) cited in Blumenthal et al. (2008) found that N fertilizer application decreased tryptophan, lysine, glysine, arginine, and threonine in protein, while concentrations of alanine, phenylalanine, tyrosine, glutamic acid, and leucine were increased.
Effect of N-Mg uptake with total flavonoid and phyllanthin yield
Effect between N and Mg uptake with total flavonoid yield is shown in Figure 7 . Based on the figure, N and Mg uptake have positive correlation with total flavonoid yield. It means the higher N and Mg uptake the higher total flavonoid yield. The affect could be understood well, because N is an essential macronutrient, and in plants, N was changed to amino acids, amides, and amines which have role as building blocks and intermediary compounds (Marschner, 1995) . Hence, N plays an important role in vegetative growth and basic metabolism in plant, which might be directly or indirectly involved in production of secondary metabolites (Baricevic and Zupancic, 2002; Fitter and Hay, 1991) . Ozguven et al. (2008) showed that N fertilization had a significant effect on artemisinin content of Artemisia annua and maximum of artemisinin was obtained at 80 kg/ha. Another research by Babalar et al. (2010) , observed that N fertilization has a significant effect, not only on plants growth, but also on rosmarinic acid of Satureja hortensis. Application of 150 kg/ha N has shown as the best treatment for the production of rosmarinic acid.
Optimum N fertilization can support the formation of plant vegetative organs, for example, leave, stem and branch; so, can increase the plant biomass and also increase the total flavonoid and phyllanthin yield, because the value of total flavonoid and phyllanthin yield was computed by multiplying the dry weight and total flavonoid and phyllanthin content. According to some researchers, Annamalai and Lakshmi (2009) , Khan et al. (2010) and Nitnaware et al. (2011) showed that the concentration of phyllanthin was higher in leave, fruit, stem and root. Another research by Fitrani (2010) , interaction between shading and Mg fertilization significantly affected plant growth, leaves fresh weight, and anthocyanins yield of daun dewa (G. pseudochina), and the highest value were produced in 3 months of 50% shading and 2.80 g/plant of MgSO 4 .H 2 O. The increases of anthocyanins yield per plant were caused by plants growth rapidly and produced higher total biomass.
Effect of N and Mg absorption with phyllanthin yield is shown in Figure 8 . The values indicated that N and Mg uptake have positive correlation with phyllanthin yield; it means that the increase of N and Mg uptake would promote the phyllanthin yield. As N, Mg is also a macronutrient that is essential for plants. Mg plays a critical role in nearly all parts of plant metabolism and protein synthesis, and is an essential constituent of chlorophyll (Havlin et al., 1999) . Chlorophyll has an important role in photosynthesis, which produced the primary metabolites as a precursor of secondary metabolites. In plants, Mg have important role, as activator of many enzymes in metabolism and also as a catalyst on phosphorilation due to N metabolism (Mengel and Kirkby, 1987) , dephosphorylation, and the hydrolysis of various compounds, and as a structural stabilizer for various nucleotides (Barker and Pilbean, 2007) . According to Bidwell (1974) , secondary metabolites cannot be produced by organism without the presence of enzymes which are very important in their synthesis.
Conclusion
Application of 3 g urea, 0.6 g MgSO 4 and 60% paranets shading resulted a good effect for the growth, N and Mg uptake, total flavonoid and phyllanthin yield in P. niruri plants. The optimum dosage of N and Mg fertilizer that produced the highest total flavonoid yield was 2.68 gof urea and 0.54 g of MgSO 4 , while the optimum dosage of N and Mg fertilizer that produced the highest phyllanthin yield was 2.39 g of urea and 0.48 g of MgSO 4 per plant. N and Mg absorption were positively correlated with total flavonoid and phyllanthin yield. The best period of harvest to obtain the highest total flavonoid and phyllanthin yield was 3 months after planting (plant age ± 4 months).
